Objective: Abnormally elevated exercise blood pressure is associated with an increased risk of cardiovascular disease. Aerobic exercise training has been shown to reduce exercise blood pressure. However, it is unknown whether these improvements occur in a dose-dependent manner. The purpose of the present study was to determine the effect of different doses of aerobic exercise training on exercise blood pressure in obese postmenopausal women.
A bnormally elevated blood pressure during submaximal exercise is associated with future risk of cardiovascular disease (CVD). 1<5 It has been suggested that exercise blood pressure may have prognostic value above and beyond resting blood pressure. 1, 2 This may be caused by an inability to reduce peripheral arterial resistance appropriately in response to increased cardiac output during aerobic exercise, 3, 5 increased vascular stiffness, 5 and an exaggerated increase in sympathetic nervous system activity to a corresponding submaximal exercise intensity. 3, 5 Therefore, elevated exercise blood pressure may represent a more advanced stage of atherosclerosis or CVD risk profile 2 and has been associated with other CVD risk factors such as left ventricle hypertrophy, 3 diabetes mellitus, 5 hypertension, 5 and dyslipidemia. 5 This may, in turn, result in a greater strain on the heart during submaximal activities of daily life. Therefore, reducing exercise blood pressure may have clinical importance in sedentary postmenopausal women with elevated blood pressure who present with elevated CVD risk. 6 Participation in sport 3 and aerobic exercise training 7, 8 has been shown to decrease exercise systolic (SBP) 7<12 and diastolic (DBP) 9, 10, 12 blood pressure in a variety of populations including postmenopausal women. 9 This reduction in exercise blood pressure may be caused by a reduction in catecholamines, 13 increased fitness 10 and exercise tolerance 9 at the same absolute exercise intensity, and decreased peripheral resistance. 10 However, it is unknown whether improvements in SBP and DBP due to exercise training occur in a dosedependent manner. Considering the relationships between exercise blood pressure and CVD risk, it is important to determine whether a larger amount (higher dose) of exercise training confers a greater reduction in exercise blood pressure, as a low dose of exercise may be more attainable. Therefore, the purpose of the present investigation was to evaluate the effect of three different doses of aerobic training on exercise blood pressure in postmenopausal women with elevated resting blood pressure from the Dose Response to Exercise in Women (DREW) trial.
METHODS

Study design and participants
The full design and methodology for the DREW trial (www.clinicaltrials.gov, NCT00011193) have been published previously.
14 In brief, the study was a randomized controlled trial evaluating the effects of aerobic exercise training at increasingly higher doses of energy expenditure in 464 sedentary, overweight, or obese postmenopausal women aged 45 to 75 years with elevated blood pressure. From this cohort, a subset of 404 participants had exercise blood pressure data at 50 watts available at baseline and follow-up from their maximal exertion cycle ergometer tests. Written informed consent was obtained from all participants before enrollment. The research protocol was reviewed and approved annually by the Cooper Institute institutional review board and subsequently approved by Pennington Biomedical Research Center for continued analysis.
The women recruited for this study were postmenopausal and overweight or obese (body mass index [BMI], 25.0-43.0 kg/m 2 ); were sedentary (no participation in greater than 20 min of exercise 3 times a week); had elevated resting SBP (120-159.0 mm Hg); and were physically capable of participating in an exercise program. Exclusion criteria included CVD, significant medical conditions, elevated low-density lipoprotein (Q3.36 mmol/L), or weight loss of 9.1 kg or more in the previous year. 14 
Resting blood pressure and heart rate
Resting blood pressure was evaluated in the supine position after heart rate variability measurements (we will not report on heart rate variability data because they have been previously published 15 ). We obtained a minimum of four blood pressure measurements, which were taken 2 minutes apart using a Colin STBP-780 automated BP unit (Colin Medical Instruments, Plainfield, NJ). Resting heart rate was obtained before blood pressure measurements.
Fitness testing
Fitness testing was performed using a Lode Excalibur Sport rate-independent cycle ergometer (Groningen, the Netherlands). Participants cycled at 30 watts for 2 minutes and at 50 watts for 4 minutes, followed by increases of 20 watts every 2 minutes until they could no longer maintain a pedal cadence of 50 revolutions/minute. Respiratory gases were measured using a TrueMax 2400 Metabolic Measurement Cart (ParvoMedics, Sandy, UT). Volume and gas calibrations were conducted before each test. Gas-exchange variables (oxygen consumption [V O 2 ], carbon dioxide production, minute ventilation, and respiratory exchange ratio) were collected breath by breath and were averaged into 15-second intervals. Heart rate was measured directly from the electrocardiographic monitoring system (Q-Stress; Quinton Instruments Co., Bothel, WA). Two fitness tests were performed on separate days at both baseline and follow-up, and the mean of the maximal oxygen consumption (V O 2 max) obtained from these two tests were defined as cardiorespiratory fitness.
Exercise blood pressure at 50 watts Exercise blood pressure measurements were performed during the 50-watt stage of the maximal exercise test using a Colin STBP-780 automated BP unit. Although the unit was automated, the reported values for exercise blood pressure were based on the audible Korotkoff sounds determined by an experienced exercise physiologist. The Collins STBP unit allows for headphones to be inserted into the unit, which allows the Korotkoff sounds to be heard via a microphone inside the blood pressure cuff. The appropriate blood pressure cuff size was used for all participants. The SBP and DBP at 50 watts were determined from the average of the two fitness tests performed at baseline and follow-up. The reproducibility of exercise SBP and DBP was similar at baseline and at follow-up with an intraclass correlation coefficient (ICC) of 0.72 and 0.79, respectively. Similarly, the reproducibility of exercise DBP was similar at baseline (ICC = 0.64) and at follow-up (ICC = 0.71). If a participant did not complete both exercise tests at baseline or follow-up, the exercise blood pressure measurements from the single exercise test were used in the analysis. Approximately, 6.6% and 3.2% of participants in the present study had performed only one of the two exercise tests at baseline and follow-up, respectively.
Rate pressure product
Rate pressure product (RPP) was calculated at baseline and at follow-up by multiplying heart rate at 50 watts by SBP at 50 watts.
Randomization
After baseline testing, the participants were randomized, as described previously, to the 4-, 8-, or 12-kcal/kg per week exercise groups or to the nonexercise control group.
14 There were a total of 404 participants in the analysis with 90 participants randomized to the control group, 140 randomized to the 4 kcal/kg per week group, 82 randomized to the 8 kcal/kg per week, and 93 randomized to the 12 kcal/kg per week group. The overrecruitment of the 4 kcal/kg per week group was done a priori in the parent study 16 to better detect changes associated with dose response.
Exercise training
We calculated the exercise energy expenditure for women in the DREW age range associated with meeting the consensus public health recommendations. Details of these calculations are presented in the DREW design and methods report. 14 Exercising women participated in three or four training sessions each week for 6 months with training intensity at the heart rate associated with 50% of each woman's peak V O 2 . During the first week, each group expended 4 kcal/kg. Those assigned to that level continued to expend 4 kcal/kg per week for 6 months. All of the other groups increased their energy expenditure by 1 kcal/kg a week until they reached the level required for their group. All exercise sessions were performed under observation and supervision in an exercise laboratory with strict monitoring of the amount of exercise completed in each session. Women in the exercise groups alternated training sessions between semirecumbent cycle ergometers and treadmills. Women in the nonexercise control group were asked to maintain their baseline level of activity during the 6-month study period. The total adherence for participants in the exercise groups was 98.0%.
Blinding
There were distinct and separate intervention and assessment teams, and assessment staff members were blinded to the randomization of study participants.
Statistical procedure
All statistical analyses were conducted using SAS version 9.1 (SAS Institute, Cary, NC), with the exception of reproducibility analyses, which were performed using SPSS version 18.0 (SPSS, Somers, NY). Descriptive data of groups were tabulated as mean (SD) and were tested for differences between groups using a one-way analysis of variance for continuous variables and a W 2 for categorical variables. Pearson correlations were used to evaluate the relationship between change in exercise blood pressure and change in V O 2 max, exercise heart rate, and resting blood pressure. An analysis of covariance with a Tukey-Kramer adjustment for multiple comparisons was used to evaluate the effect of exercise training on exercise blood pressure. The primary outcome of the present study was a change in exercise blood pressure after exercise training. The results are presented as adjusted least-square means with 95% CIs and were adjusted for age, baseline value, blood pressure medication at baseline, and ethnicity. In addition, we performed multiple linear regression to determine the trend between exercise dose and change in exercise blood pressure at 50 watts, resting blood pressure, heart rate at 50 watts, RPP, and fitness with adjustments for age, baseline value, blood pressure medication at baseline, and ethnicity. Exercise dose was recoded as a linear variable for the purpose of this analysis. For all analyses, a P value less than 0.05 was used to reject the null hypothesis.
We performed post hoc analyses to compare the effect of exercise training in participants with an abnormally elevated exercise SBP at baseline. In a separate analysis, we evaluated the same relationship in participants with abnormally elevated exercise diastolic blood pressure at baseline. These individuals are at elevated risk of CVD 1<5 and thus have the greatest need for improvement. We defined an abnormally elevated exercise blood pressure at baseline as greater than the median value (SBP, 9194 mm Hg; DBP, 996 mm Hg). An analysis of covariance was performed with adjustments for age, baseline value, presence of blood pressure medications, and ethnicity using a Tukey-Kramer adjustment for multiple comparisons to test the effect of exercise training in these subgroups.
To determine the frequency at which individuals without hypertension have abnormally elevated blood pressure, we tabulated the percentage of individuals with an abnormally elevated exercise blood pressure in individuals with prehypertension (resting SBP, 120-139 mm Hg and/or DBP, 80-89 mm Hg) and hypertension (resting SBP, Q140 mm Hg and/or DBP, Q90 mm Hg) at baseline. 17 
RESULTS
Demographic data for the participants are presented in Table 1 . There were no significant differences among groups. The participants had a mean (SD) age of 57. respectively. There were 28.0% of participants taking antihypertensive medications, of whom 18.9% were taking diuretics, 8.7% were taking angiotensin-converting inhibitors, 6.7% were taking calcium channel blockers, 2.2% were taking A-blockers, and 0.5% were taking >-antagonists. The adherence in the exercise group was 97.9%, 98.2%, and 98.1% in the 4-, 8-, and 12-kcal/kg per week groups, respectively.
Change in fitness
Participants had low fitness at baseline with a mean V O 2 max of 15.6 (2.9) mL/kg per minute. Similar to the findings of our main outcome study, 16 there was a significant improvement in V O 2 max after exercise training within the 4-(0.67 mL/kg per min; CI, 0.34-0.93), 8-(1.32 mL/kg per min; CI, 0.93-1.70), and 12-kcal/kg per week (1.67 mL/kg per min; CI, 1.30-2.03) groups compared with controls (j0.18; CI, j0.56 to 0.18). In addition, there was a significant trend between change in V O 2 max and exercise dose (P for trend G 0.001). Waist circumference was significantly reduced in the 4-(j2.7; CI, j4.1 to j1.2) and 12-kcal/kg per week groups (j2.7; CI, j4.4 to j1.0). There were no significant reductions in weight after exercise training (P 9 0.05).
Change in resting blood pressure following exercise training
After exercise training, there was no significant change in resting SBP in the 4-(0.6 mm Hg; CI, j4.0 to 0.78), 8-(j2.4 mm Hg; CI, j1.29 to 2.50), and 12-kcal/kg per week groups (j3.5; CI, j5.9 to j1.16) compared with control (j1.59 mm Hg; CI, j3.9 to 0.79). Similarly, there was no significant change in resting DBP in the 4-(j0.83 mm Hg; CI: j0.3 to 2.0), 8-(j0.38 mm Hg; CI, j1.86 to 1.09), and 12-kcal/kg per week (j0.20; CI, j1.59 to 1.19) groups after exercise training compared with controls (j0.48; CI, j1.89 to 0.93). Analyses for trend between dose of exercise and resting blood pressure were not significant (P for trend 9 0.05).
Effect of exercise training on exercise blood pressure at 50 watts
There was a significant reduction in exercise SBP (Fig. 1A ) at 50 watts in the 4, 8, and 12-kcal/kg per week exercise groups compared with control (all P G 0.05). However, only the 12-kcal/kg per week group significantly reduced DBP (Fig. 1B) at 50 watts (P = 0.026) compared with control. Analysis for trend revealed a significant improvement in exercise SBP (P for trend G 0.001) and DBP (P for trend = 0.017), with increasing dose of exercise. The correlation between change in resting SBP and change in exercise SBP at 50 watts was not significant (r = 0.09, P = 0.09). Similarly, the change in resting DBP was not significantly associated with change in exercise DBP pressure at 50 watts (r = 0.10, P = 0.08). Change in exercise heart rate at 50 watts after exercise training was correlated with change in SBP (r = 0.35, P G 0.001) and DBP (r = 0.21, P G 0.001) at 50 watts. Change in V O 2 max was significantly correlated with change in systolic (r = j0.13, P = 0.012), but not diastolic blood pressure (r = j0.07, P = 0.171) at 50 watts.
Changes in heart rate at 50 watts and RPP Heart rate ( Fig. 1C) at 50 watts and RPP (Fig. 1D) were significantly reduced in all three exercise groups compared with controls (all P G 0.05) after exercise training. There was a significant trend between dose of exercise and heart rate at 50 watts (P for trend G 0.001) and RPP (P for trend G 0.001).
Change in exercise blood pressure in participants with elevated exercise blood pressure There were 199 participants with an abnormally elevated exercise SBP at baseline with a mean (SD) SBP at 50 watts of 209.3 (10.7) mm Hg and mean DBP of 97.4 mm Hg. There were 93, 66, 42, and 46 participants in the 4-, 8-, and 12-kcal/kg per week and control groups, respectively. As shown in Figure 2A , we observed a significant reduction in exercise blood pressure in the 4-(j11.0 mm Hg; CI, j15.16 to j6.93), 8-(j10.9 mm Hg; CI, j15.50 to j6.29), and 12-kcal/kg per week (j15.2 mm Hg; CI, j19.77 to j10.65) groups compared with control participants with elevated SBP (j0.99 mm Hg; CI, j5.42 to 3.44).
In participants with an abnormally elevated exercise DBP at baseline (n = 178), the mean exercise DBP and SBP were 103.4 (5.0) mm Hg and 198.1 (17.6) mm Hg, respectively. There were 32, 61, 44, and 41 participants in the 4-, 8-, and 12-kcal/kg per week and control groups, respectively. As shown in Figure 2B , we observed no significant difference in the change in exercise DBP after exercise training compared with control participants with elevated DBP in the 4-(j2.08 mm Hg; CI, j4.28 to 0.12), 8-(j1.5 mm Hg; CI, j4.04 to j1.01), and 12-kcal/kg per week groups (j3.7 mm Hg; CI, j6.31 to j1.04) compared with control participants with elevated exercise DBP (j0.60 mm Hg; CI: j3.43 to 2.24).
Elevated exercise blood pressure in prehypertensive and hypertensive individuals
Mean baseline and exercise blood pressure values in participants with pre-hypertension and hypertension stratified by normal or elevated exercise blood pressure response are shown in Table 2 . There were 204 participants with prehypertension, of whom 40.2% had an abnormally elevated SBP (9194 mm Hg) and 38.7% had an abnormally elevated DBP (996 mm Hg) at 50 watts. In hypertensive participants (n = 200), 58.5% and 49.5% had an abnormally elevated exercise SBP and DBP, respectively.
DISCUSSION
The novel finding of the present study is that exercise dose is an important factor in the reduction of exercise blood pressure in obese postmenopausal women with elevated resting blood pressure. This may have important clinical implications because abnormally elevated SBP and DBP exercise blood pressure have been independently associated with a 20% and 35% increase in CVD events, respectively, after adjustments for resting blood pressure. 1 Our results suggest that even a moderate increase in aerobic exercise training in previously sedentary postmenopausal women (50% below federal physical activity guidelines) can promote favorable reductions in systolic exercise blood pressure if higher doses of training are unattainable. However, a high dose of exercise should be recommended to reduce both exercise SBP and DBP exercise blood pressure.
In the present study, exercise at 50 watts was associated with 3.1 metabolic equivalents, which is similar to the level of metabolic equivalents (3.0) required for walking at 2.5 miles per hour with no grade. 18 Because this level of exertion is very common during activities of daily living, abnormally elevated blood pressure in response to submaximal exertion may represent a considerable excess strain on the heart similar to hypertension at rest. The adoption of a regular aerobic exercise program may significantly reduce blood pressure and cardiac workload during submaximal exercise as we saw a significant reduction in RPP, a measure of myocardial oxygen demand in all three exercise groups after exercise training. In addition, changes in exercise blood pressure in response to exercise training may be more modifiable as we observed significant reductions in exercise blood pressure, without significant improvements in resting blood pressure, and both measures were not significantly correlated.
Our results are consistent with previous studies that have shown an improvement in exercise SBP 7<12 and DBP 9, 10, 12 with aerobic training. We also investigated the effect of exercise training in participants with an abnormally elevated exercise blood pressure (upper 50th percentile of our population) at baseline because they have a greater risk of CVD. 1<5 We found a significant reduction in exercise SBP in these participants at every dose of exercise after exercise training. Regression to the mean was considered in this analysis because the reduction in exercise blood pressure was significantly different from control participants with an abnormally elevated SBP at baseline. The same relationship was not found for participants with an abnormally elevated exercise DBP at baseline. Therefore, we can only conclude that high-dose exercise training may generally reduce exercise DBP. However, this attenuation is of clinical importance as the American College of Sports Medicine guidelines 19 state that the normal physiological response to aerobic exercise is a maintenance or slight decrease in DBP during exercise, which has been shown in older women. 20 However, in our study and in other previous reports in populations with elevated blood pressure, 9,12 a mean increase in DBP has been observed at submaximal intensities. Whether this increase in DBP is a hallmark of individuals with hypertension is beyond the scope of this article; however, it may warrant further study because an increase in DBP with exercise has been associated with cardiovascular abnormalities in individuals with coronary artery disease. 21, 22 An interesting finding from the present study is that abnormally elevated exercise blood pressure can occur in the absence of hypertension. This supports the findings from previous data that suggest that exercise blood pressure may have independent prognostic value.
1,2 Although an elevated exercise blood pressure was more common in participants with hypertension, approximately 40% and 39% of participants with prehypertension at rest had an abnormally elevated exercise SBP and DBP, respectively. Perhaps abnormalities in blood pressure control in this subgroup are not evident until the system is Bstressed[ with an acute bout of aerobic exercise. We could not evaluate individuals who were normotensive as the exclusion criteria for DREW excluded women with resting SBP lower than 120 mm Hg.
14 Therefore, an abnormally elevated exercise blood pressure may place these individuals at increased risk for CVD, but high normal values at rest may mask this additional risk from their primary care physician. Because physicians may be more likely to recommend lifestyle changes to individuals with prehypertension, 23 our study demonstrates that aerobic exercise training is an effective intervention strategy. This is an important finding as abnormally elevated exercise blood pressure has been associated with future hypertension in individuals with prehypertension. 24 It could be speculated that the improvements in exercise blood pressure seen in the present study only represents a reduction in heart rate at the same absolute intensity. Indeed, the correlation between exercise blood pressure and change in heart rate was significant. However, when we entered the change in heart rate after exercise training into the statistical model of our main analyses to address this potential concern, there was still a significant reduction in systolic exercise blood pressure in the 4-and 12-kcal/kg per week groups compared with controls (P G 0.05), and the 8-kcal/kg per week group was still significant within groups. When a similar analysis was performed with change in V O 2 max, fitness level was not a significant covariate in the model (P = 0.254) and did not affect the results. This suggests that other factors regulating blood pressure are also involved (ie, reductions in total peripheral resistance). Our data support that the reduction in exercise blood pressure is not simply caused by a reduction in heart rate or by an improvement in fitness level with exercise training although both those factors likely play a role in the response.
The strengths of the present investigation are that DREW is a dose-response randomized controlled trial with a large study population. In addition, exercise blood pressure was measured twice at baseline and follow-up, with good reproducibility. Furthermore, each participant received a standardized supervised exercise intervention. Limitations of the present study are, first, that the participants exercised at the heart rate associated with 50% of V O 2 max, therefore it is plausible that other exercise intensities may produce different results. Second, because resting blood pressure was evaluated in the supine position, it is possible that resting values would be lower if we used seated blood pressure, 25 which is common in the clinical setting. Lu et al 25 found that in 40-to 59-year-old individuals with hypertension, SBP was higher (2.3-mm Hg) when measured in the supine compared to the seated position without any significant differences in DBP. This does not affect the results of our main outcomes but may affect the classification of participants as being prehypertensive or hypertensive. Lastly, we did not specifically report on the change of blood pressure medications in the present study. However, our main outcomes article 16 showed that there was no significant change in blood pressure medications in the control and in the 4-and 8-kcal/kg per week groups, with a trend for a reduction of medications (P = 0.07) in the 12 kcal/kg per week group. Therefore, an increase in medications is not responsible for the reductions in exercise blood pressure shown in our study.
CONCLUSIONS
The results of the present study found that aerobic exercise training significantly reduces both exercise SBP and DBP in obese postmenopausal women with elevated resting blood pressure. In addition, our results suggest that reductions in exercise blood pressure may be more modifiable than reductions in resting blood pressure. This has public health implications because many of the activities of daily living occur at submaximal intensities and previous data suggest that exercise blood pressure may have independent prognostic value above resting blood pressure.
1,2 Clinicians should evaluate the exercise blood pressure response when available in at-risk patients and should recommend a high dose of exercise when attainable for patients with an abnormally elevated exercise blood pressure.
